R espiratory infections, primarily pneumonia and influenza, continue to be the leading infectious cause of death in the developed world [1, 2] . Despite the introduction of new classes of antibiotics there has been little progress in improving pneumonia-related outcomes since the widespread introduction of antibiotics in the 1940s [3] . In addition, there has been little progress on agents to potentially blunt mortality from another influenza pandemic [4] . Despite great hope for agents, such as drotrecogin alfa and corticosteroids, no new classes of medications have been conclusively demonstrated to improve clinical outcomes for viral or bacterial pneumonias. Therefore, additional treatments are critically needed to improve clinical outcomes for patients with pneumonia.
Recently, epidemiological studies of HMG-CoA reductase inhibitors (''statins'') have suggested that patients receiving statins have decreased incidence of serious infections, or for those hospitalised with viral or bacterial infections, including pneumonia, have improved clinical outcomes [5] [6] [7] [8] [9] . Other studies have found that statins attenuate the systemic inflammatory response [10] [11] [12] [13] . In addition, statins have been demonstrated to have protective endothelial effects, influence inflammatory cell signalling, directly affect T-cell activity, and influence the nitric oxide balance to promote haemodynamic stability [14] [15] [16] .
While awaiting adequately powered randomised control trials to examine the effects of statins on pneumonia outcomes, experimental studies have investigated the effect of statins on airway infection and inflammatory diseases using in vitro cell culture and in vivo animal models. In this issue of the European Respiratory Journal, LEE et al. [17] provide novel mechanistic insights into how statins modulate the antiviral inflammatory response. Importantly, this study is one of the few that demonstrate that statins modulate the antiviral response in human bronchial and epithelial cells, the first line of defence against invading pathogens.
Using primary normal human bronchial epithelial cells (NHBE) and a human type II pneumocyte cell line A549 they demonstrate that statins attenuate viral dsRNA-induced AKT phosphorylation, STAT3 activation and the subsequent production of RANTES (regulated on activation of normal T-cell, expressed and secreted). RANTES is a CC-chemokine that was originally identified to be chemotactic to T-cells but is now recognised to stimulate the influx of numerous inflammatory cells, including monocytes, eosinophils and neutrophils [18] . The question remains: how might these effects translate in vivo? To answer this question they developed a dsRNAinduced pneumonia mouse model. In previous animal models, statins have been delivered parenterally or orally; however, it is unclear whether systemic administration of statins modulates the inflammatory response of the lung epithelium. Therefore, statins were delivered by the intranasal route, which allowed direct contact with the respiratory epithelium. Using immunohistochemistry, they demonstrated that administration of statins decreased STAT3 and RANTES expression in airway epithelia compared to controls. In addition to decreasing RANTES production, statins also attenuated the pro-inflammatory cytokine response and decreased neutrophil influx, findings consistent with previously published studies, including our own [19] [20] [21] .
The majority of published experimental reports describe beneficial effects associated with statin prophylaxis with regards to airway inflammation in animal models of chronic asthma, chronic obstructive pulmonary disease and bacterial pneumonia [22] [23] [24] . However, few studies have examined how statins modulate the antiviral inflammatory response in the lungs. For example, statins have been found to reduce lipopolysaccharide-induced lung inflammation in human volunteers and decrease airway hyperreactivity in a mouse model of chronic asthma [25] [26] [27] . However, LEE et al. [17] did not extend their studies to examine outcomes following viral pneumonia. A recent mouse model of statins and influenza A pneumonia found no difference in survival, airway inflammation or cellular infiltration [28] . However, rosuvastatin was administered in food only 3 days prior to infection with influenza A. It is likely that the timing and duration of statin use prior to infection has a significant impact on the antiinflammatory and immunomodulatory properties of statins. In fact, the majority of studies using animal models that report reduced lung inflammation administer statins for weeks prior to infection. Thus, whether statins protect against viral infections remains unclear, although some benefit seems to be likely for prolonged users. Further animal and human research is needed before definite conclusions can be made.
Along such lines, a recent retrospective study of 3043 patients, using data from the Centers for Disease Control and Prevention's Emerging Infections Program influenza hospitalisation surveillance system, reported that statin use is associated with reduced mortality during and after hospitalisation for influenza virus infection (adjusted OR 0.59, 95% CI 0.38-0.92) [9] . Although this study was not the first to report reduced risk of influenza death among statin users [8, 29] , it was the first to limit their analyses to laboratory confirmed influenza A infection. Unfortunately, this study did not include data on the causes of death in this population and so the question remains: how are statins reducing mortality? A major complication following viral pneumonia is secondary bacterial pneumonia. As the overwhelming inflammation and resolution of inflammation is thought to contribute to the occurrence of secondary bacterial infection [30] , it remains to be seen whether the anti-inflammatory effects of statins during viral pneumonia, as reported by LEE et al. [17] , might reduce the incidence or severity of secondary bacterial pneumonia.
Unfortunately it is unclear if the effects seen by LEE et al. [17] would be seen in those who take statins chronically for primary or secondary cardioprotection, especially as the intranasal route of administration is not currently available for routine patient care. However, it is clear that additional research into the underlying mechanisms, and potential beneficial effects, of statins for both viral and bacterial infections is needed. Although animal and human research to date is promising it is still unclear if these medications are truly beneficial and whether acute initiation of statins will ever be recommended at the time of diagnosis for those with viral and/or bacterial infections.
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